NONVOLATILE SEMICONDUCTOR MEMORY DEVICE 



Japanese Patent Application No. 2003-44289, filed on February 21, 2003, is 
hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates to a nonvolatile semiconductor memory device 
including a nonvolatile memory element controlled by a word gate and a select gate. 

As an example of a nonvolatile semiconductor memory device, a MONOS 
(Metal-Oxide-Nitride-Oxide-Semiconductor or -Substrate) nonvolatile semiconductor 
memory device is known. In the MONOS nonvolatile semiconductor memory device, a 
gate insulating film between a channel and a gate is formed of a laminate consisting of a 
silicon oxide film, a silicon nitride film, and a silicon oxide film, and a charge is stored in 
the silicon nitride film. 

As the MONOS nonvolatile semiconductor memory device, a MONOS flash 
memory cell including a nonvolatile memory element (MONOS memory element) 
controlled by one select gate and one control gate is disclosed (see Japanese Patent 
Application Laid-open No. 6-181319, Japanese Patent Application Laid-open No. 
11-74389, U.S. Patent No. 5,408,115, and U.S. Patent No. 5,969,383, for example). 

BRIEF SUMMARY OF THE INVENTION 

The present invention may provide a nonvolatile semiconductor memory device 
having a small layout area. 

A nonvolatile semiconductor memory device according to the present invention 
includes: 

a memory cell array in which a plurality of memory cells are arranged in a row 
direction and a column direction, 
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wherein the memory cell array includes a plurality of element isolation regions, 

wherein each of the memory cells includes a first impurity layer, a second 
impurity layer, a channel region located between the first impurity layer and the second 
impurity layer, a word gate and a select gate disposed to face the channel region, and a 
5 nonvolatile memory element formed between the word gate and the channel region, and 

wherein a first wordline connection section, which connects at least one of a 
plurality of word gate interconnects with at least one of the word gates, is disposed over at 
least one of the element isolation regions. 

The memory cell array may include a plurality of memory blocks. Each of the 
10 memory blocks may include the memory cells. An operation of erasing data held in each 
of the memory cells may be performed at the same time for each of the memory blocks. 

The memory cells may include a plurality of word-gate rows, each of the 
word-gate rows is formed by connecting the word gates in the memory cells arranged in 
the row direction. The nonvolatile semiconductor memory device may further include a 
15 plurality of common connection sections, each of the common connection sections 
connecting two of the word-gate rows adjacent in the column direction over one of the 
element isolation regions on which the first wordline connection section is disposed. 

The first wordline connection section may connects at least one of the word gate 
interconnects with one of the common connection sections. 
20 Each of the word gates in the memory block may be connected with all of the 

word gate interconnects in the memory block. 

Each of the word gate interconnects may include a first interconnect extending 
along the row direction, and a second interconnect extending along the column direction. 
A second wordline connection section, which connects one of the common connection 
25 sections with the second interconnect, may be disposed over at least one of the element 
isolation regions. 

The first wordline connection section may include the second wordline 
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connection section. 

The memory cell array may include at least one source interconnect and a 
plurality of first source line connection sections. Each of the first source line connection 
sections may connect the source interconnect with the first impurity layer. 
5 The memory cell array may include at least one source interconnect and a 

plurality of first source line connection sections. Each of the first source line connection 
sections may connect the source interconnect with the second impurity layer. 

The source interconnects may include a third interconnect extending along the 
row direction, and a fourth interconnect extending along the column direction. At least 
10 one of the first source line connection sections may include a second source line 
connection section which connects the third interconnect with the fourth interconnect. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG. 1 is an overall diagram according to an embodiment of the present invention. 
15 FIG. 2 is a configuration diagram of a memory block according to a first 

embodiment of the present invention. 

FIG. 3 is a plan view showing a configuration of the memory block according to 
the first embodiment. 

FIG. 4 is a cross-sectional view showing a configuration of the memory block 
20 according to the first embodiment. 

FIG. 5 is another cross-sectional view showing a configuration of the memory 
block according to the first embodiment. 

FIG. 6 is another cross-sectional view showing a configuration of the memory 
block according to the first embodiment. 
25 FIG. 7 is another configuration diagram of the memory block according to the 

first embodiment. 

FIG. 8 shows the relationship between the presence or absence of a charge in an 
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ONO film and a current which flows. 

FIG. 9 is a configuration diagram of a memory block according to a modification 
of the first embodiment. 

FIG. 10 is a plan view showing a configuration of the memory block according to 
5 the modification of the first embodiment. 

FIG. 1 1 is a cross-sectional view showing a configuration of the memory block 
according to the modification of the first embodiment. 

FIG. 12 is another cross-sectional view showing a configuration of the memory 
block according to the modification of the first embodiment. 
10 FIG. 13 is a configuration diagram of a memory block according to a second 

embodiment. 

FIG. 14 is a plan view showing a configuration of the memory block according to 
the second embodiment. 

FIG. 15 is a cross-sectional view showing a configuration of the memory block 
15 according to the second embodiment. 

FIG. 16 is another cross-sectional view showing a configuration of the memory 
block according to the second embodiment. 

FIG. 17 is yet another cross-sectional view showing a configuration of the 
memory block according to the second embodiment. 
20 FIG. 18 is a configuration diagram of the memory block according to the second 

embodiment. 

FIG. 19 is a plan view showing a configuration of the memory block according to 
the second embodiment. 

FIG. 20 is a cross-sectional view showing a configuration of the memory block 
25 according to the second embodiment. 

FIG. 21 is another cross-sectional view showing a configuration of the memory 
block according to the second embodiment. 
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DETAILED DESCRIPTION OF THE EMBODIMENT 
1 . First embodiment 

A first embodiment of the present invention is described below with reference to 
5 the drawings. 

FIG. 1 is a block diagram showing the entire configuration of the present 
embodiment. A memory cell array 4000 includes a plurality of memory cells 410 
(illustrated later) arranged along a row direction X and a column direction Y. The 
memory cell array 4000 includes a plurality of memory blocks 400. Each of the memory 

10 blocks 400 includes a plurality of memory cells 410 (illustrated later). A plurality of 
types of voltages are generated by a power supply circuit 100. The voltages generated by 
the power supply circuit 100 are supplied to the memory blocks 400 through a plurality of 
voltage supply lines. The memory cell array 4000 includes a bitline driver section (not 
shown) which drives bitlines 60 (illustrated later) in the memory cell array 4000. 

15 FIG. 2 is a circuit diagram showing a part of the memory block 400. The memory 

block 400 includes a plurality of wordlines 50, a plurality of bitlines 60, a plurality of 
select lines 70, a plurality of source lines 80, and a plurality of memory cells 410. The 
memory block 400 also includes a wordline driver section 300, a select line driver section 
(not shown), and a source line driver section 800. In FIG. 2, the area encircled by a dotted 

20 line indicates one memory cell 410. 

The memory cell 410 includes a select gate 411, a word gate 412, and an ONO 
film 413. The structure of the memory cell 410 is described later in detail. 

The wordline driver section 300 includes a plurality of unit wordline driver 
sections 310. The wordline 50 connects in common the word gates 412 of the memory 

25 cells 410 disposed in the memory block 400 along the row direction X. 

The select line driver section (not shown) drives all the select lines 70 in the 
memory block 400. The select line 70 connects in common the select gates 411 of the 
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memory cells 410 disposed in the memory block 400 along the row direction X. 

The source line driver section 800 includes a plurality of unit source line driver 
sections 810. The source line 80 connects in common first impurity layers (hereinafter 
called "wordline side impurity layers WLD") of the memory cells 410 disposed in the 
5 memory block 400 along the row direction X. The bitline 60 connects in common second 
impurity layers (hereinafter called "select gate side impurity layers SGD") of the memory 
cells 410 in the column direction Y. 

FIG. 3 is a plan view schematically showing the connection relationship and the 
positional relationship between each layer in a part of the memory block 400. A numeral 

10 900 indicates an element isolation region (shallow-trench -isolation (STI), for example), 
and a symbol CONT indicates a contact. Among the contacts CONT, a numeral 951 
indicates a first wordline connection section, a numeral 980 indicates a first source line 
connection section, and a numeral 981 indicates a second source line connection section. 
A symbol ALA indicates a first interconnect layer, a symbol ALB indicates a second 

15 interconnect layer, and a symbol ALC indicates a third interconnect layer. The first 
interconnect layer among the interconnect layers ALA to ALC is the lowermost 
interconnect layer closest to the substrate. 

The bitlines 60 are disposed in the second interconnect layer ALB along the 
column direction Y. A plurality of source interconnects (source lines 80) and select lines 

20 70 are disposed along the row direction X. The source lines 80 are disposed in the third 
interconnect layer ALC. The select line 70 is disposed in the first interconnect layer ALA 
so as to connect in common the select gates 411 in the row direction X. A plurality of 
fourth interconnects (source interconnects 81) are disposed in the second interconnect 
layer ALB on the element isolation region 900 along the column direction Y. The source 

25 interconnect 81 connects the source line 80 with the wordline side impurity layer WLD 
(illustrated later). A plurality of first interconnects which are word gate interconnects 
(hereinafter called "wordlines 50") are disposed in the third interconnect layer ALC in an 
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upper layer of the word gates 412 disposed along the row direction X. The area encircled 
by a dotted line indicates a common connection section 950 which connects two adjacent 
word gates 412. 

In FIG. 3, the contact CONT for the word gate 412 (first wordline connection 
5 section 951) is disposed in the common connection section 950 on the element isolation 
region 900. Specifically, the contact CONT for the word gate 412 is disposed on the 
element isolation region 900, and connects the word gate interconnect 50 with the word 
gate 412. A symbol IV-IV a symbol V-V, and a symbol VI- VI indicate cutting positions 
for cross-sectional views described below. In the drawings, sections indicated by the 
10 same symbols have the same meanings. 

FIGS. 4 to 6 show the section IV-IV, the section V-V, and the section VI- VI, 
respectively, in FIG. 3. 

The section IV-IV is described below with reference to FIG. 4. The widthwise 
direction in FIG. 4 is the column direction Y. A numeral 414 indicates a substrate. A 
15 symbol II indicates a first insulating layer, a symbol 12 indicates a second insulating layer, 
and a symbol 13 indicates a third insulating layer. The select gate 411 and the word gate 
412 are disposed on the element isolation region 900. An insulator film (Si0 2 , for 
example) is disposed between the select gate 411 and the element isolation region 900. A 
nitride film 417 (SiN, for example) is formed between the word gate 412 and the element 
20 isolation region 900. The select gate 411 is formed of a conductor (polysilicon, for 
example). 

The select lines 70 are formed in the first interconnect layer ALA. The select line 
70 is connected with the select gate 411 covered with the first insulating layer II in the 
lower layer directly under the select line 70 through the contact CONT (connection 
25 section which connects the first interconnect layer ALA with the select gate 411). The 
wordlines 50 and the source lines 80 are formed in the third interconnect layer ALC. The 
wordline 50 is connected with the common connection section 950 (word gate 412) 
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covered with the first insulating layer II through the wordline connection section (first 
wordline connection section 95 1). Since the element isolation region 900 is formed in the 
substrate 414, a channel region is not formed. In the drawings, sections indicated by the 
same symbols have the same meanings. 
5 The section V-V is described below with reference to FIG. 5. The select gate side 

impurity layers SGD and the wordline side impurity layers WLD are formed in the 
substrate 414. A channel region is formed between the select gate side impurity layer 
SGD and the wordline side impurity layer WLD in the substrate 414. The select gate side 
impurity layer SGD is shared by two memory cells 410 disposed on either side of the 

10 select gate side impurity layer SGD in the column direction Y. The wordline side 
impurity layer WLD is shared by two memory cells 410 disposed on either side of the 
wordline side impurity layer WLD in the column direction Y. The select gates 411 and 
the word gates 412 are covered with the first insulating layer II . A nitride film 417 (SiN, 
for example) is formed between the word gate 412 and the channel region in the shape of 

15 the letter "L" (or inverted L shape). The nitride film 417 and insulator films (SiC>2, for 
example) on either side of the nitride film 417 make up the ONO film 413 as a trap layer. 
The select lines 70 are formed in the first interconnect layer ALA. One bitline 60 is 
formed in the second interconnect layer ALB. The bitline 60 may be formed of a 
conductor (metal, for example). The bitline 60 is connected with the select gate side 

20 impurity layers SGD in the substrate 414 through the contacts CONT (connection 
sections which connect the second interconnect layer ALB with the substrate 414). The 
wordlines 50 and the source lines 80 are formed in the third interconnect layer ALC. 

The section VI- VI is described below with reference to FIG. 6. The element 
isolation regions 900 and the wordline side impurity layers WLD are formed in the 

25 substrate 414. The select gates 411 and the word gates 412 are covered with the first 
insulating layer II. The nitride film 417 (SiN, for example) is formed between the word 
gate 412 and the element isolation region 900 in the shape of the letter "L" (or inverted L 



shape). The select lines 70 are formed in the first interconnect layer ALA. The select line 
70 is connected with the select gate 411 covered with the first insulating layer II in the 
lower layer directly under the select line 70 through the contact (connection section which 
connects the first interconnect layer ALA with the select gate 411). A plurality of fourth 
5 interconnects (source interconnects 81) used to connect the source lines 80 with the 
wordline side impurity layers WLD are formed in the second interconnect layer ALB. 
The source interconnect 8 1 may be formed of a metal, for example. The wordlines 50 and 
the source lines 80 are formed in the third interconnect layer ALC. The source line 80 is 
connected with the source interconnect 81 formed in the second interconnect layer ALB 
10 through a source line connection section (second source line connection section 981). 
The source interconnect 81 is connected with the wordline side impurity layer WLD 
through the source line connection section (first source line connection section 980). 
Since the element isolation regions 900 are formed in the substrate 414, a channel region 
is not formed. 

15 The above-described configuration of the memory cell 410 is an example. For 

example, the nitride film 417 of the memory cell 410 need not be formed to extend 
between the select gate 41 1 and the word gate 412. A silicide (not shown) may be formed 
on the surface of the word gate 412. A Co silicide or Ti silicide may be used as the 
silicide (not shown), for example. This enables the load resistance of the word gate 412 to 

20 be reduced. 

The select gate side impurity layer SGD and the wordline side impurity layer 
WLD may each be replaced by the other, differing from the above-described structure. 
The configuration in this case is described later. 

In the present embodiment, each of the memory cells 410 is accessed in units of 
25 the memory blocks 400. Specifically, the memory cell 410 is selected by selecting one 
memory block 400 and then selecting one memory cell 410. The memory cell 410 
selected is called a selected memory cell. The memory block 400 including the selected 
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memory cell is called a selected memory block, and the memory blocks 400 other than the 
selected memory block are called unselected memory blocks. 

The wordline 50 selected from among the wordlines 50 is called a selected 
wordline, and the wordlines 50 other than the selected wordline are called unselected 
wordlines. The bitline 60 selected from among the bitlines 60 is called a selected bitline, 
and the bitlines 60 other than the selected bitline are called unselected bitlines. The select 
line 70 selected from among the select lines 70 is called a selected select line, and the 
select lines 70 other than the selected select line are called unselected select lines. The 
source line 80 selected from among the source lines 80 is called a selected source line, 
and the source lines 80 other than the selected source line are called unselected source 
lines. 

The wordlines 50, the bitlines 60, the select lines 70, and the source lines 80 in the 
unselected memory block are set at an unselected memory block voltage (0 V) in all 
operations. Each operation (standby, read, program, and erase) is described below with 
reference to FIG. 7. The area encircled by a dotted line and indicated by a symbol SM in 
FIG. 7 indicates a selected memory cell. A symbol USM and symbols A to D indicate 
unselected memory cells. 

The standby operation is described below. All the wordlines 50 are set at a 
standby word voltage (0 V). All the bitlines 60 are set at a standby bit voltage (0 V). All 
the select lines 70 are set at a standby select voltage (0 V). All the source lines 80 are set 
at a standby source voltage (0 V). 

All the memory cells 410 in the memory cell array 4000 (in the selected memory 
block and the unselected memory blocks) are set at the above-described voltage 
application state during standby. 

The read operation is described below. 

The wordline 50 connected with the selected memory cell SM shown in FIG. 7 
(selected wordline) is charged to a read selected word voltage (power supply voltage Vcc). 



10 



All the unselected wordlines in the selected memory block are set at a read unselected 
word voltage (0 V). The select line 70 connected with the selected memory cell SM 
(selected select line) is charged to a read selected select voltage (power supply voltage 
Vcc). All the unselected select lines in the selected memory block are set at a read 
5 unselected select voltage (0 V). The source line 80 connected with the selected memory 
cell SM (selected source line) is charged to a read selected source voltage (power supply 
voltage Vcc). All the unselected source lines in the selected memory block are set at a 
read unselected source voltage (0 V). The bitline 60 connected with the selected memory 
cell (selected bitline (including the bitline 50 connected with the selected memory cell 
10 SM)) is set at a read selected bit voltage (Vcc - Vth). Other bitlines 60, that is, all the 
unselected bitlines in the selected memory block are set at a read unselected bit voltage (0 
V). 

The above-described voltage application state causes a channel to be formed in 
the channel region between the wordline side impurity layer WLD and the select gate side 

15 impurity layer SGD of the selected memory cell. Since the word gate 412 of the selected 
memory cell SM is charged to the read selected word voltage (Vcc), electrons injected 
into the channel region become hot electrons. Since the select gate 411 of the selected 
memory cell SM is charged to the read selected select voltage (Vcc), the hot electrons are 
drawn toward the select gate 411. This allows a current (IDS) to flow through the channel 

20 region between the wordline side impurity layer WLD and the select gate side impurity 
layer SGD on either side of the selected memory cell SM. 

The three-region structure consisting of the word gate 412, the ONO film 41 3, and 
the channel region of the memory cell 410 may be considered as a MOS transistor. In this 
case, the threshold value of the transistor becomes higher in a state in which a charge is 

25 stored in the ONO film 413 than in a state in which a charge is not stored in the ONO film 
413. FIG. 8 shows the correlation between the presence or absence of a charge and a 
current which flows between the wordline side impurity layer WLD and the select gate 
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side impurity layer SGD. 

In FIG. 8, in the case where a voltage Vread is applied to the word gate 412, about 
20 |jA of current IDS flows when a charge is not stored in the ONO film, and the current 
IDS flows only to a small extent when a charge is stored in the ONO film. Specifically, 
5 since the threshold value of the transistor increases when a charge is stored in the ONO 
film, the current IDS flows only to a small extent if the voltage applied to the word gate 
412 is the voltage Vread. 

The data held in the selected memory cell can be read by reading the amount of 
current using a sense amplifier (not shown) disposed for each bitline 60. 
10 This is the principle of reading data from the selected memory cell. The 

above-described read operation is a forward read. Specifically, a higher voltage is applied 
to the wordline side impurity layer WLD than to the select gate side impurity layer SGD 
in the same manner as in the program operation. A reverse read can also be used as the 
read method. 

15 Table 1 shows the voltage application state during reading (forward read and 

reverse read). The unselected memory cell in Table 1 indicates the unselected memory 
cell USM shown in FIG. 7, and the selected memory cell in Table 1 indicates the selected 
memory cell SM shown in FIG. 7. A numerical value or Vcc in the cell in Table 1 
indicates a voltage value. A symbol WL indicates the wordline 50, and a symbol SG 

20 indicates the select line 70. A symbol SL indicates the source line 80, and a symbol BL 
indicates the bitline 60. In the following description, sections indicated by the same 
symbols as in Table 1 have the same meanings as in Table 1 . 



Table 1 







Selected memory block 


Unselected 






Unselected memory cell 


Selected memory cell 


memory block 




WL 


0 V 


Vcc 


OV 


Forward 


SG 


0 V 


Vcc 


0 V 


read 


SL 


Vcc 


0 V 




BL 


0 V 


Vcc - Vth 


0 V 
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Reverse 
read 


WL 


OV 


Vcc 


0 V 


SG 


OV 


Vcc 


0 V 


SL 


OV 


0 V 


BL 


OV Vsa 


0 V 



The unselected block shown in Table 1 is in the same state as the standby state. 
The unselected block is also in the same state as the standby state during programming 
and erasing. 

5 The unselected memory cells can be classified into five types including the 

unselected memory cell USM corresponding to the voltage application state. The 
remaining four types are the unselected memory cells A to D. The selected wordline, the 
selected bitline, the unselected select line, and the selected source line are connected with 
the unselected memory cell A shown in FIG. 7. The unselected wordline, the selected 

10 bitline, the unselected select line, and the selected source line are connected with the 
unselected memory cell B shown in FIG. 7. The selected wordline, the unselected bitline, 
the selected select line, and the selected source line are connected with the unselected 
memory cell C shown in FIG. 7. The selected wordline, the unselected bitline, the 
unselected select line, and the selected source line are connected with the unselected 

15 memory cell D shown in FIG. 7. Table 2 shows the voltage application states of the 
unselected memory cells A to D. 



Table 2 







Unselected 
memory cell A 


Unselected 
memory cell B 


Unselected 
memory cell C 


Unselected 
memory cell D 


Forward 
read 


WL 


Vcc 


0 V 


Vcc 


Vcc 


SG 


OV 


OV 


Vcc 


0 V 


SL 


Vcc 


Vcc 


Vcc 


Vcc 


BL 


Vcc - Vth 


Vcc - Vth 


Vcc 


Vcc 


Reverse 
read 


WL 


Vcc 


OV 


Vcc 


Vcc 


SG 


0 V 


0 V 


Vcc 


0 V 


SL 


OV 


OV 


0 V 


0 V 


BL 


Vsa 


Vsa 


0 V 


0 V 



20 In view of the above-described principle, the selected wordline, the selected 
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bitline, the selected select line, and the selected source line must be connected with the 
selected memory cell. If at least one of the uhselected lines (unselected wordline, 
unselected bitline, unselected select line, and unselected source line) is connected with 
the memory cell 410, this memory cell 410 is an unselected memory cell. 
5 The program operation is described below. 

The wordline 50 connected with the selected memory cell SM (selected wordline) 
is charged to a program selected word voltage (5.5 V). All the unselected wordlines in the 
selected memory block are set at a program unselected word voltage (0 V). The select 
line 70 connected with the selected memory cell SM (selected select line) is charged to a 

10 program selected select voltage (1 V), and all the unselected select lines are set at a 
program unselected select voltage (0 V). The source line 80 connected with the selected 
memory cell SM (selected source line) is charged to a program selected source voltage (5 
V), and all the unselected source lines are set at a program unselected source voltage (0 
V). The bitline 60 connected with the selected memory cell SM (selected bitline) is 

15 charged to a program selected bit voltage (0 V), and all the unselected bitlines in the 
selected memory block are set at a program unselected bit voltage (Vcc). 

The above-described voltage application state causes a channel to be formed in 
the channel region between the wordline side impurity layer WLD and the select gate side 
impurity layer SGD of the selected memory cell. Since the select gate 411 of the selected 

20 memory cell SM is charged to the program selected select voltage (1 V), electrons 
injected into the channel region become hot electrons. Since the word gate 412 of the 
selected memory cell is charged to the program selected word voltage (5.5 V), the hot 
electrons are drawn toward the word gate 412. The hot electrons drawn toward the word 
gate 412 are stored in the ONO film 413. The above-described voltage application state is 

25 a state in the case of writing data "0" into the selected memory cell SM. In the case of 
writing data "1" into the selected memory cell SM, a "1" program selected bit voltage 
(Vcc) is applied to the selected bitline. This is the principle of writing (programming) 



data into the selected memory cell. 

Table 3 shows the voltage application state during programming. 



Table 3 







Selected memory block 


Unselected 
memory 
block 


Unselected memory cell 


Selected memory cell 


Program 


WL 


OV 


5.5 V 


0 V 


SG 


OV 


1 V 


0 V 


SL 


OV 


5 V 


0 V 


BL 


Vcc 


0 V (when writing "0") 
Vcc (when writing "1") 


0 V 



The unselected memory cell in Table 3 indicates the unselected memory cell USM 
shown in FIG. 7. The selected memory cell in Table 3 indicates the selected memory cell 
SM shown in FIG. 7. 

There are five types of voltage application states for the unselected memory cells 
(unselected memory cell USM and unselected memory cells A to D) during the program 
operation in the same manner as in the read operation (see FIG. 7). Table 4 shows the 
voltage application states of the unselected memory cells A to D. 



Table 4 







Unselected 
memory cell A 


Unselected 
memory cell B 


Unselected 
memory cell C 


Unselected 
memory cell D 


Program 


WL 


5.5 V 


0 V 


5.5 V 


5.5 V 


SG 


OV 


0 V 


1 V 


0 V 


SL 


5 V 


0 V 


5 V 


5 V 


BL 


0 V (when 
writing "0") 

Vcc (when 
writing "1") 


0 V 


Vcc 


Vcc 



The erase operation is described below. The erase operation is performed for all 
the memory cells 410 in the selected memory block. Specifically, all the memory cells 
410 in the selected memory block are selected memory cells. All the wordlines 50 in the 
selected memory block are charged to an erase word voltage (-3 V). All the select lines 
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70 in the selected memory block are set at an erase select voltage (0 V). All the source 
lines 80 in the selected memory block are charged to an erase source voltage (5 V). All 
the bitlines 60 in the selected memory block are set at an erase bit voltage (0 V). An erase 
substrate voltage (0 V) is applied to the substrate 414 in the selected memory block. 

The above-described voltage application state causes a channel to be formed in 
the channel region between the wordline side impurity layer WLD and the select gate side 
impurity layer SGD. However, since the word gate 412 of the memory cell 410 in the 
selected block is charged to the erase word voltage (-3 V), an electric field is generated 
between the word gate 412 and the select gate side impurity layer SGD. The charge 
(electrons) which has been stored in the ONO film 413 can be erased by hot holes 
generated by the application of the electric field. 

Table 5 shows the voltage application state during erasing. 
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Table 5 





Selected memory block 


Unselected 
memory block 




Selected memory cell 


Erase 


WL 


-3 V 


0 V 


SG 


OV 


0 V 


SL 


5 V 


0 V 


BL 


0 V 


0 V 



The unselected memory block during the erase operation is in the same voltage 
application state as the standby state. 

In the layout shown in FIG. 3, the contact for the word gate 412 and the contact for 
the wordline side impurity layer WLD are disposed on the element isolation region 900. 
This makes it unnecessary to separately provide a region exclusively for disposing the 
contact, whereby the layout area can be reduced. 

1 . 1 Modification of the first embodiment 

FIG. 9 is a circuit diagram showing a part of the memory block 400 in a 
modification of the first embodiment. This modification differs from the first 
embodiment as to the connection relationship between each memory cell 410 and the 
bitline 60 and the source line 80. In the present embodiment, the source line 80 connects 
in common the select gate side impurity layers SGD of the memory cells 410 disposed in 
the memory block 400 along the row direction X. The bitline 60 connects in common the 
wordline side impurity layers WLD of the memory cells 410 in the column direction Y. 
The rest of the configuration of the memory block 400 is the same as the configuration in 
the first embodiment. 

FIG. 10 is a plan view schematically showing the connection relationship and the 
positional relationship between each layer in a part of the memory block 400. In FIG. 10, 
the source line 80 is connected with the select gate side impurity layer SGD in the 
substrate 414 through the contact CONT (first source line connection section 980). The 
bitline 60 is connected with the wordline side impurity layer WLD in the substrate 414 
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through the contact CONT (connection section which connects the second interconnect 
layer with the substrate 414). A symbol IV-IV, a symbol XI-XI, and a symbol XII-XII 
shown in FIG. 10 indicate cutting positions for cross-sectional views described below. 

FIGS. 11 and 12 show the section XI-XI and the section XII-XII shown in FIG. 10, 
5 respectively. The section IV-IV shown in FIG. 10 has the same configuration as the 
configuration shown in FIG. 4 in the first embodiment (see FIG. 4). Therefore, 
illustration is omitted. 

The section XI-XI is described below with reference to FIG. 11. FIG. 11 differs 
from FIG. 5 in the first embodiment as to the connection configuration between the 

10 bitline 60 in the second interconnect layer ALB and the substrate 414. In the present 
embodiment, the bitline 60 (second interconnect layer ALB) is connected with the 
wordline side impurity layer WLD as shown in FIG. 1 1 . The rest of the configuration is 
the same as the configuration in the first embodiment shown in FIG. 4. 

The section XII-XII is described below with reference to FIG. 12. FIG. 12 differs 

15 from FIG. 6 in the first embodiment as to the absence of the select gate side impurity layer 
SGD or the wordline side impurity layer WLD formed in the substrate 414 and the 
connection configuration between the source line 80 in the third interconnect layer ALC 
and the substrate 414. As shown in FIG. 12, in the present embodiment, the select gate 
side impurity layers SGD are formed in the substrate 414, and the wordline side impurity 

20 layer WLD is not formed. The source line 80 in the third interconnect layer is connected 
with the select gate side impurity layer SGD formed in the substrate 414 through the 
source line connection section (first source line connection section 980). 

The ONO film 413 in the present embodiment need not be formed so that the 
nitride film 417 of the memory cell 410 extends between the select gate 411 and the word 

25 gate 412 in the same manner as in the first embodiment. A silicide (not shown) may be 
formed on the surface of the word gate 412. A Co silicide or Ti silicide may be used as 
the silicide (not shown), for example. This enables the load resistance of the word gate 



412 to be reduced. 

The basic operation principle is the same as that in the first embodiment. The 
present embodiment differs in operation from the first embodiment as to the voltages 
applied to the bitline 60 and the source line 80. Table 6 shows the voltages applied to 
each line (wordline 50, bitline 60, select line 70, and source line 80) (operation method) in 
the present embodiment. 

A voltage of 0 V is applied to each line (wordline 50, bitline 60, select line 70, and 
source line 80) in the unselected memory block in all the operations. Therefore, the 
voltages applied to the unselected memory block are omitted in Table 6. Table 6 shows 
the voltages applied to each line (wordline 50, bitline 60, select line 70, and source line 
80) in each operation separately for the unselected period and the selected period. In 
Table 6, the voltage Vcc is applied to the selected wordline selected from among the 
wordlines 50 during the read operation (forward read). The nonvolatile semiconductor 
memory device according to the present embodiment is operated according to Table 6. 
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Table 6 





Selected memory block 


Forward read 


WL 


Selected wordline 


Vcc 


Unselected wordline 


0 V 


SG 


Selected select line 


Vcc 


Unselected select line 


OV j 


BL 


Selected bitline 


Vsa 


Unselected bitline 


0 V 


SL 


Selected source line 


0 V 


Unselected source line 


OV 


Reverse read 


WL 


Selected wordline 


Vcc 


Unselected wordline 


OV 


SG 


Selected select line 


Vcc 


Unselected select line 


OV 


BL 


Selected bitline 


Vcc - Vth 


Unselected bitline 


0 V 


SL 


Selected source line 


Vcc 


Unselected source line 


0 V 


Program 


WL 


Selected wordline 


5.5 V 


Unselected wordline 


o v ; 


SG 


Selected select line 


1 V 


Unselected select line 


0 V ! 


BL 


Selected bitline 


5 V(when writing "0") 


0 V(when writing "1") 


Unselected bitline 


0 V 


SL 


Selected source line 


0 V 


Unselected source line 


0 V 


Erase 


WL 


-3 V 


SG 


0 V 


BL 


5 V 


SL 


0 V 



Either the forward read or the reverse read can be used in the present embodiment 
in the same manner as in the first embodiment. 

5 

2. Second embodiment 

A second embodiment is described below with reference to the drawings. 

FIG. 1 3 is a circuit diagram showing a part of the memory block 400 in the present 
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embodiment. The present embodiment differs from the first embodiment in that the 
wordlines 50 and the source lines 80 are respectively connected in common. In FIG. 13, 
the wordlines 50 in each memory block 400 are connected in common in the memory 
block 400. The source lines 80 in each memory block are connected in common in the 
5 memory block 400. 

The rest of the configuration is the same as the configuration in the first 
embodiment. 

FIG. 14 is a plan view schematically showing the connection relationship and the 
positional relationship between each layer in a part of the memory block 400. A plurality 

10 of first interconnects which are word gate interconnects (hereinafter called "wordlines 
50") are disposed in the third interconnect layer ALC in an upper layer of the word gates 
412 disposed along the row direction X. The area encircled by a dotted line indicates the 
common connection section 950 which connects two adjacent word gates 412. 

In FIG. 14, a contact CONT for the word gate 412 (first wordline connection 

15 section 951 or second wordline connection section 952) is disposed in the common 
connection section 950 on the element isolation region 900. A plurality of second 
interconnects which are word gate interconnects (wordline connect lines 51) are disposed 
in the second interconnect layer ALB along the column direction Y. The wordline 
connect line 5 1 connects in common the wordlines 50 in the memory block. Specifically, 

20 the contacts CONT for the word gate 412 connect in common the word lines 50 with the 
word gates 412 on the element isolation region 900. 

A plurality of source interconnects (source lines 80) are disposed along the row 
direction X (one source line 80 is illustrated in FIG. 14). The source line 80 is disposed in 
the third interconnect layer ALC. A fourth interconnect (source interconnect 81) is 

25 disposed in the second interconnect layer ALB on the element isolation region 900 along 
the column direction Y. The source interconnect 8 1 connects in common the source lines 
80 with the wordline impurity layers WLD (illustrated later). A symbol XV-XV, a 



symbol XVI-XVI, and a symbol XVII-XVII indicate cutting positions for cross-sectional 
views described below. In the drawings, sections indicated by the same symbols have the 
same meanings. 

FIGS. 15 to 17 are views respectively showing the section XV-XV, the section 
5 XVI-XVI, and the section XVII-XVII in FIG. 14. 

The section XV-XV is described below with reference to FIG. 15. The width wise 
direction in FIG. 15 is the column direction Y. The select gate 411 and the word gate 412 
are disposed on the element isolation region 900. An insulator film (SiC>2, for example) is 
disposed between the select gate 411 and the element isolation region 900. The insulator 

10 film may be formed of a nitride oxide film. The nitride film 417 (SiN, for example) is 
formed between the word gate 412 and the element isolation region 900. The select gate 
411 is formed of a conductor (polysilicon, for example). 

The select lines 70 are formed in the first interconnect layer ALA. The select line 
70 is connected with the select gate 411 covered with the first insulating layer II in the 

15 lower layer directly under the select line 70 through the contact CONT (connection 
section which connects the first interconnect layer ALA with the substrate 414). The 
wordline 50 and the source line 80 are formed in the third interconnect layer ALC. The 
wordline 50 is connected with the common connection section 950 through the contact 
CONT (first wordline connection section 951). This configuration is described below. 

20 The wordline 50 is connected with the wordline connect line 51 disposed in the lower 
layer (second interconnect layer ALB) through the contact CONT (connection section 
which connects the third interconnect layer ALC with the second interconnect layer 
ALB). The wordline connect line 51 may be formed of a conductor (metal, for example). 
The wordline connect line 51 is connected with the common connection section 950 

25 (word gate 412) covered with the first insulating layer II through the contact CONT 
(second wordline connection section 952). This configuration enables the wordline 50 
formed in the third interconnect layer ALC to connect in common the word gates 412 in 



the memory block 400. Since the element isolation region 900 is formed in the substrate 
414, a channel region is not formed. 

The section XVI-XVI is described below with reference to FIG. 16. The bitline 
60 may be formed of a conductor (metal, for example). The select gate side impurity 
5 layers SGD and the wordline side impurity layers WLD are formed in the substrate 414. 
A channel region is formed between the select gate side impurity layer SGD and the 
wordline side impurity layer WLD in the substrate 414. The select gate side impurity 
layer SGD is shared by two memory cells 410 disposed on either side of the select gate 
side impurity layer SGD in the column direction Y. The wordline side impurity layer 

10 WLD is shared by two memory cells 410 disposed on either side of the wordline side 
impurity layer WLD in the column direction Y. The select gates 411 and the word gates 
412 are covered with the first insulating layer II. The nitride film 417 (SiN, for example) 
is formed between the word gate 412 and the channel region in the shape of the letter "L" 
(or inverted L shape). The select lines 70 are formed in the first interconnect layer ALA. 

15 One bitline 60 is formed in the second interconnect layer ALB. The bitline 60 is 
connected with the select gate side impurity layers SGD in the substrate 414 through the 
contacts CONT (connection sections which connect the second interconnect layer ALB 
with the substrate 414). The wordlines 50 and the source lines 80 are formed in the third 
interconnect layer ALC. 

20 The section XVII-XVH is described below with reference to FIG. 17. The 

element isolation regions 900 and the wordline side impurity layers WLD are formed in 
the substrate 414. The select gates 411 and the word gates 412 are covered with the first 
insulating layer II. The nitride film 417 (SiN, for example) is formed between the word 
gate 412 and the element isolation region 900 in the shape of the letter "L" (or inverted L 

25 shape). The select lines 70 are formed in the first interconnect layer ALA. The select line 
70 is connected with the select gate 411 covered with the first insulating layer II in the 
lower layer directly under the select line 70 through the contact CONT (connection 



section which connects the first interconnect layer ALA with the select gate 411). The 
fourth interconnect (source interconnect 81) used to connect in common the source line 
80 (third interconnect layer ALC) with the wordline side impurity layers WLD is formed 
in the second interconnect layer ALB. The source interconnect 81 may be formed of a 
5 metal, for example. The wordline 50 and the source line 80 are formed in the third 
interconnect layer ALC. The source line 80 is connected with the source interconnect 81 
formed in the second interconnect layer ALB through the source line connection section 
(second source line connection section 981). The source interconnect 81 is connected 
with the wordline side impurity layers WLD through the source line connection sections 

10 (first source line connection sections 980). Since the element isolation regions 900 are 
formed in the substrate 414, a channel region is not formed. 

The above-described configuration of the memory cell 410 is an example. For 
example, the nitride film 417 of the memory cell 410 need not be formed to extend 
between the select gate 411 and the word gate 412. A silicide (not shown) may be formed 

15 on the surface of the word gate 412. A Co silicide or Ti silicide may be used as the silicide 
(not shown), for example. This enables the load resistance of the word gate 412 to be 
reduced. 

The basic operation principle is the same as that in the first embodiment. The 
present embodiment differs in operation from the first embodiment as to the voltages 

20 applied to the wordline 50 and the source line 80 in the memory block 400. In the present 
embodiment, the wordlines 50 in the memory block 400 are connected in common. The 
source lines 80 in the memory block 400 are connected in common. Therefore, all the 
wordlines 50 in the selected memory block are selected wordlines and all the source lines 
80 in the selected memory block are selected source lines in all the operations in the 

25 present embodiment. Table 7 shows the voltages applied to each line (wordline 50, 
bitline 60, select line 70, and source line 80) (operation method) in the present 
embodiment. 



Table 7 is shown according to the indication method of Table 6. The nonvolatile 
semiconductor memory device according to the present embodiment is operated 
according to Table 7. 



Table 7 





Selected memory block 


Forward read 


WL 


Selected wordline 


Vcc 


SG 


Selected select line 


Vcc 


Unselected select line 


0 V j 


BL 


Selected bitline 


Vcc - Vth 


Unselected bitline 


0 V 




Selected source line 


Vcc | 


Reverse read 


WT 


Selected wordline 


Vcc 


SG 


Selected select line 


Vcc 


Unselected select line 


OV 


BL 


Selected bitline 


Vsa 


Unselected bitline 


0 V 


SL 


Selected source line 


0 V 


Program 


WL 


Selected wordline 


5.5 V 


SG 


Selected select line 


1 V 


Unselected select line 


0 V 


BL 


Selected bitline 


0 V (when writing "0") 


Vcc (when writing "1") 


Unselected bitline 


0 V 


SL 


Selected source line 


5 V 


Erase 


WL 


-3 V 


SG 


0 V 


BL 


0 V 


SL 


5 V 



The unselected memory cells can be classified into three types (unselected 
memory cells E to G) corresponding to the voltage application state. The unselected 
memory cell E is an unselected memory cell connected with the selected wordline, the 
selected bitline, the unselected select line, and the selected source line. The unselected 
memory cell F is in the present embodiment, unselected memory cell connected with the 
selected wordline, the unselected bitline, the selected select line, and the selected source 
line. The unselected memory cell G is in the present embodiment, unselected memory 
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cell connected with the selected wordline, the unselected bitline, the unselected select line, 
and the selected source line. Either the forward read or the reverse read can be used in the 
present embodiment. 

Table 8 shows the voltage application states of the unselected memory cells E to G 
5 during the read operation and the program operation. Since all the memory cells in the 
selected block are selected memory cells during the erase operation, the voltage 
application state in the erase operation is not omitted in Table 8. 



Table 8 







Unselected memory 
cell E 


Unselected memory 
cellF 


Unselected memory 
cellG 




WL 


Vcc ! 


Forward 


SG 


OV 


Vcc 


0 V 


read 


SL 


OV 




BL 


Vsa 


OV 


0 V 




WL 


Vcc 


; Reverse 


SG 


0 V 


Vcc 


0 V 


J read 


SL 


Vcc 




BL 


Vcc - Vsa 


Vcc 


Vcc 




WL 


5.5 V 


Program 


SG 


0 V 


1 V 


0 V 


SL 


5 V 




BL 


0 V 


Vcc 


Vcc 



10 

The reason why the unselected memory cells E to G do not malfunction even if 
the voltages are applied as in the present embodiment is describe below. In order to read 
or program the data in the ONO film 413 of each memory cell 410, a channel must be 
formed in the channel region of each memory cell 410, and a current must flow through 

15 the channel region. However, a channel is not formed in the unselected memory cells F 
and G shown in Table 8, since a given potential difference is not formed between the 
source line 80 and the bitline 60. Specifically, the unselected memory cells F and G are 
not influenced by the voltage application state of the wordline 50 and the select line 70. 
In the unselected memory cells E and G shown in Table 8, since the select line 70 is set at 

20 0 V, a current does not flow through the channel region even if the channel is formed. A 
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normal operation can be performed in the present embodiment for the above-described 
reason. 

In the present embodiment, the wordlines 50 are connected in common and the 
source lines 80 are connected in common in units of the memory blocks 400 (see FIG. 13). 
Therefore, it suffices to provide one unit wordline driver section 310 and one unit source 
line driver section 810 in each memory block 400. FIG. 14 shows a layout method in this 
case. In the layout shown in FIG. 14, since the contacts for connecting in common the 
wordlines 50 and for connecting in common the source lines 80 are disposed on the 
element isolation regions 900, the layout area can be reduced. Moreover, since it suffices 
to dispose one unit wordline driver section 310 and one unit source line driver section 810, 
the interconnect pitch of the memory block 400 can be reduced. This also reduces the 
layout area. 

2.1 Modification of second embodiment 

FIG. 18 is a circuit diagram showing a part of the memory block 400 in a 
modification of the second embodiment. This modification differs from the second 
embodiment as to the connection relationship between each memory cell 410 and the 
bitline 60 and the source line 80. In the present embodiment, the source line 80 connects 
in common the select gate side impurity layers SGD of the memory cells 410 disposed in 
the memory block 400 along the row direction X. The bitline 60 connects in common the 
wordline side impurity layers WLD of the memory cells 410 in the column direction Y. 
The rest of the configuration of the memory block 400 is the same as the configuration in 
the second embodiment. 

FIG. 19 is a plan view schematically showing the connection relationship and the 
positional relationship between each layer in a part of the memory block 400. In FIG. 19, 
the source line 80 (third interconnect layer ALC) is connected with the fourth 
interconnect (source interconnect 81) disposed in the second interconnect layer ALB 
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along the column direction Y through the source line connection sections (second source 
line connection sections 981). The source interconnect 81 is connected with the select 
gate side impurity layers SGD in the substrate 414 through the source line connection 
sections (first source line connection sections 980). The bitline 60 (second interconnect 
layer) is connected with the wordline side impurity layers WLD in the substrate 414 
through the contacts CONT (connection sections which connect the second interconnect 
layer with the substrate 414). The rest of the configuration is the same as the 
configuration in the second embodiment. A symbol XV-XV, a symbol XX-XX, and a 
symbol XXI-XXI in FIG. 19 indicate cutting positions for cross-sectional views 
described below. 

FIGS. 20 and 21 are views respectively showing the section XX-XX and the 
section XXI-XXI shown in FIG. 19. The section XV-XV shown in FIG. 19 has the same 
configuration as the configuration shown in FIG. 15 in the second embodiment (see FIG. 
15). Therefore, illustration is omitted. 

The section XX-XX is described below with reference to FIG. 20. FIG. 20 differs 
from FIG. 16 in the second embodiment as to the connection configuration between the 
bitline 60 in the second interconnect layer ALB and the substrate 414. In the present 
embodiment, the bitline 60 (second interconnect layer ALB) is connected with the 
wordline side impurity layers WLD through the contacts CONT (connection sections 
which connect the second interconnect layer ALB with the substrate 414), as shown in 
FIG. 20. The rest of the configuration is the same as the configuration shown in FIG. 16 
in the second embodiment. 

The section XXI-XXI is described below with reference to FIG. 21. FIG. 21 
differs from FIG. 17 in the second embodiment as to the absence of the select gate side 
impurity layer SGD or the wordline side impurity layer WLD formed in the substrate 414 
and the connection configuration between the source line 80 in the third interconnect 
layer ALC and the substrate 414. As shown in FIG. 21, in the present embodiment, the 
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select gate side impurity layers SGD are formed in the substrate 414, and the wordline 
side impurity layer WLD is not formed. The source line 80 in the third interconnect layer 
ALC is connected with the select gate side impurity layers SGD formed in the substrate 
414. The source line 80 (third interconnect layer ALC) is connected with the source 
5 interconnect 8 1 through the source line connection section (second source line connection 
section 981). The source interconnect 81 is disposed in the second interconnect layer 
ALB along the column direction Y. The source interconnect 81 is connected with the 
select gate side impurity layers SGD formed in the substrate 414 through the source line 
connection sections (first source line connection sections 980). The source interconnect 

10 81 may be formed of a conductor (metal, for example). 

The ONO film 413 in the present embodiment need not be formed so that the 
nitride film 417 of the memory cell 410 extends between the select gate 411 and the word 
gate 412 in the same manner as in the second embodiment. A silicide (not shown) may be 
formed on the surface of the word gate 412. A Co silicide or Ti silicide may be used as 

15 the silicide (not shown), for example. This enables the load resistance of the word gate 
412 to be reduced. 

The basic operation principle is the same as that in the second embodiment. The 
present embodiment differs in operation from the second embodiment as to the voltages 
applied to the bitline 60 and the source line 80. Table 6 shows the voltages applied to 
20 each line (wordline 50, bitline 60, select line 70, and source line 80) (operation method) in 
the present embodiment. 

The unselected memory block is not shown in Table 9 in all operations for the 
same reason as in the second embodiment. The nonvolatile semiconductor memory 
device according to the present embodiment is operated according to Table 9. 
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Table 9 





Selected memory block ! 


Forward read 


WL 


Selected wordline 


Vcc 


SG 


Selected select line 


Vcc 


Unselected select line 


0 V 


BL 


Selected bithne 


Vcc — Vth 


Unselected bithne 


U V 


SL 


ociecieu source line 


VCC 


Reverse read 


WL 


Selected wordline 


Vcc 


SG 


Selected select line 


Vcc 


Unselected select line 


0 V 


BL 


Selected bitline 


Vsa 


Unselected bitline 


0 V | 




Selected source line 


0 V [ 


Program 


WL 


Selected wordline 


5.5 V 


SG 


Selected select line 


1 V 


Unselected select line 


0 V 


BL 


Selected bitline 


5 V (when writing "0") 
0 V (when writing "1") 


Unselected bitline 


0 V 


SL 


Selected source line 


0 V 


Erase 


WL 


-3 V 


SG 


0 V 


BL 


5 V 


SL 


0 V 



Either the forward read or the reverse read can be used in the present embodiment 
in the same manner as in the second embodiment. 

The present invention can provide a nonvolatile semiconductor memory device 
having a small layout area as described above. 

The present invention is not limited to the above-described embodiments. 
Various modifications and variations are possible without departing from the spirit and 
scope of the present invention. 
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